The Titanium alloy to obtain the required shape of the weld bead from which quality of the weld can be accessed.
I. Introduction
The welding arc is defined as continuous and controlled electrical discharge through an ionized gas. Tungsten inert gas welding process (TIG) also called as gas tungsten arc welding (GTAW) is one of the widely used arc welding process that uses non consumable tungsten electrode to produce the weld. The shielding gas (argon) is used to avoid the atmospheric contaminations of the molten weld pool. A filler metal may be added only if required. The advantage of using this technique is the intense heat source which produces high quality welded joints in lesser defects. The other benefits of this welding technique lies with its economy, easy in handling in manual as well in automated condition and its potential capability towards the joining of various metals and their alloys of thinner sections of stainless steel, aluminum, copper, magnesium and sensitive material like Titanium and its alloys. A constant current AC and DC (straight or reverse polarity) welding power supply is generally used to produce the energy [1, 2] . The (Ti-6Al-4V) is known as an alpha-beta titanium alloy. The elevated Strength-to-Density Ratio called high structural efficiency, low density (roughly half of the weight of steel, nickel and copper alloys) and excellent elevated temperature properties (up to 600°C) made the Ti-6Al-4V titanium alloy most desirable material for the successful use in the manufacturing of the blades, gas turbine engines and airframe, automobile structures and other different components which demands high levels of accuracy and reliable performance. Statistical design of experiment is refers to the process of planning and conducting the experiment so that appropriate data can be collected and analyzed by statistical means to draw a meaningful conclusions from the experimental data by minimizing number of experiments. Response surface methodology is a collection of mathematical and statistical technique useful for the modeling and analysis of the problem in which a response of interest is influenced by several variables and the objective is to optimize the response and is to locate the optimum and desirable condition for the higher performance [3, 4] . The performance and quality of welded parts are deeply dependent upon the welding process parameters. The prime aim of many researchers is to identify the effects of the input variable on the output responses and also to identify the relation between the multiple responses. The relationships between the responses are quite common and a researcher has to identify which response is important to study. Thus optimization of welding process parameters to get desirable mechanical properties is a major motto of many researchers. Desirability function is one of the advanced techniques used for the simultaneous optimizations of several responses. Daniel J. Obermiller "Multiple Response Optimization using JMP" in which different techniques of simultaneous optimization of several responses are evaluated and presented [5] parameters that is current and welding speed are optimized to evaluate different properties such as penetration, reinforcement height and weld bead width and to establish relationship between input parameters and output responses [7] . Kiaee N, Aghaie-Khafri M, Optimization of gas tungsten arc welding process by response surface methodology was reported in which effects of process parameters on tensile strength and hardness are evaluated [8] . Balasubramanian M. et al. presented effect of process parameters of pulsed current tungsten inert gas welding on weld pool geometry of titanium welds in which effects of pulsing current parameters on weld pool geometry has been studied and reported [9] . The TIG welding system setup and weld bead geometry is shown below in fig. number 1 . The weld bead width is defined as the maximum width of the weld metal deposited. And the reinforcement height is the maximum distance between the base metal level and the top point of the deposited metal. The weld bead width and reinforcement height is influenced by the welding input parameters like arc current, arc voltage and the arc travel speed. The weld bead geometry is specified by the terms like weld bead width, reinforcement and penetration [1] . 
II. Objective of the investigation
The main objective of this experiment is to realize the effects of the input variables such as current and welding speed on the responses; weld bead width and reinforcement height by obtaining a regression equation and to establish a relationship between them using multiple response optimization technique known as desirability function.
III. Experimental details 3.1 Parent materials
The materials chosen for this investigation is Titanium alloy (Ti-6Al-4V) of size 150×150×1.2 (mm). Two sheets of Titanium alloy (Ti-6Al-4V) is butt welded completely in a single pass by TIG welding process. The chemical compositions of Titanium alloy (Ti-6Al-4V) are given below in table 1.
Table 1
Chemical composition (wt %) of Titanium (Ti-6Al-4V) 3.2 TIG welding 3.2.1 Pre welding cleaning: The sheets of Titanium alloy (Ti-6Al-4V) were polished on grinding wheel and then with emery paper to remove all the burrs from the surface of the materials. Then the Titanium sheets were vapour degreased for the removal of oil, grease if any from the surfaces. Finally the sheets were followed for acid pickling with 30% to 40% of Nitric acid and balanced with distilled water. Again prior to welding acetone cleaning is followed up carefully using a lint free cloth.
Tack Welding:
With the help of an appropriate fixture two sheets of Titanium alloy (Ti-6Al-4V) were tightly clamped and then tack welded to avoid mismatch between the two sheets.
Welding procedures:
The two sheets of Titanium alloy Ti-6Al-4V size 150×150×1.2 (mm) were square butt welded in a single pass by the Tungsten inert gas welding process. The high pure argon (99.9996%) was used as shielding gas to prevent involvements of oxygen and other gases from the atmosphere. The filler metal of 1.2mm thickness of Ti-6Al-4V was used. The 1.6 mm thoriated tungsten electrode was used to carry out the weld. Numbers of experimental trial welding with different combinations of the chosen parameters of TIG welding was carried out using 1.2mm thick Ti-6Al-4V sheets to find out the feasible working limits. Twelve numbers of Tungsten inert gas welded coupons were prepared based upon the parameters designed by the JMP statistical software package 12. The selected welding parameters are current and welding speed. 
IV. Results and discussions

Working limits of process parameters and analysis
A large number of trail runs were carried out using 1.2mm thick rolled sheets of Titanium alloy Ti-6Al-4V to find feasible working limits of TIG welding process input parameters. Visual inspection of the weld bead width and re-inforcement height was inspected to identify the working limits of welding parameters, leading to the following observations. The observations obtained from the trial experiments are noted below. 1. If the current was less than 35Amps, then the incomplete penetration and lack of fusion was observed with slower welding speed which demanded high heat input in result the mechanical properties are seriously affected. 2. For the current more than 41Amps, undercut and spatter was observed because of the excess penetration caused by higher current and controlling the welding speed is a difficult task for the manual welding. 3. Slower welding speed below 100mm/min with the high current leads to the high heat input. For welding speed higher than 146mm/min there will be lack of fusion and lack of penetration observed with low current. High or low heat input causes defects in welding.
The upper and lower limits of the parameters were coded as +1.414 and -1.414 respectively. Two factors and at five levels of rotatable central composite design matrix was selected to design the experiment and response surface methodology was used for the optimization of input parameters to obtain favorable mechanical properties. The ranges of two selected input parameters and the 12 sets of coded experimental conditions developed using the JMP statistical software package 12 and the results are presented below in table 2 and 3 respectively. 
Developing an empirical relationship
In this study, the response function of the weld joint "F", are functions of current (I)Amps and welding speed (S)mm/min and it can be expressed as: are the coefficients and constant terms that depends upon the respective main and interaction effects of the parameters. In the present work, rotatable central composite design which accurately fits the second order response surface was used. All the coefficients were obtained by applying rotatable central composite design matrix using the JMP statistical software package 12. The prediction or regression expression for weld bead width and reinforcement height is obtained as: 
Adequacy of developed relationship
The adequacy of the developed relationship is analyzed using the analysis of variance technique (ANOVA). It suggests that, if the calculated "F" ratio of the developed model is less than the standard "F" ratio (from F-table) at a desired level of confidence (95%), then the model terms is adequate within the confidence limit. The adequate ANOVA test results for the responses weld bead width and reinforcement height are reported below. The various measures taken are; degrees of freedom, sum of squares, mean square, and "F" ratio. The "F" ratio is the ratio of the between group variation divided by the within group variation. The term which has values of "Probability > F" is less that 0.05, the relationship term will be taken as significant term. And if "Probability > F" is greater than that of 0.05 indicates that the relationship term is insignificant. The summary of fit where R-Square also named as coefficient of multiple determination is calculated by taking the ratio of sum of squares (model) and sum of squares (C. total). An R-Square closer to 1 indicates better fit to the experimental data than does an R-Square closer to 0. If the lack of fit is reported insignificant then it suggests that the model fits the data very well. The summary of fit, analysis of variance, lack of fit, effects test for the response models weld bead width and reinforcement height are given below in table from 4 to 10. Co-relation between the actual response and predicted response values for weld bead width and reinforcement height are presented in graph below in fig. number 3 . 
Optimization of the TIG welding process
The response surface methodology is an optimization technique used for the optimization of welding process parameters to achieve desired size of weld bead width and reinforcement height. The contour plots and response surface plots of weld bead width and reinforcement height has been generated and plotted below to indicate the optimum condition using JMP statistical software package 12.
Contour plot reports
The contour plots are topographical images used for the establishing of the desirable response values and operating condition in a rectangular co-ordinate system. The contour plot describes how a response variable relates to the two process variables considering the obtained regression equation. The contour plots displays the two dimensional relationship in two dimensions, with factors current and welding speed plotted in X and Y axis and response values weld bead width and reinforcement height represented by contours shown in fig. number 
Response surface reports
Response surface for the responses weld bead width and reinforcement height was developed to indicate the stationary points of responses considering the developed regression equations by developing the isosurface plots. An isosurface is a three dimensional representation of the three variables in X, Y and Z axis, optimal point in space and predicted formula on surface. The second order model with square terms described by several shaped response surfaces. The input variable are presented in X and Y axis whereas response in Zaxis. The stationary point of the response surface can be minimum, maximum or saddle point (minimax). In this cases the solution is minimum for the both the responses weld bead width and reinforcement height. 
V. Desirability function
The desirability function is a transformation of the response variable to a 0 to 1 scale, a response of 0 indicates a completely undesirable response and 1 indicates the most desirable response. The desirability scale represented along the X-axis and response along Y-axis. The operating condition which satisfies this experiment is that is the lower is better (minimize). The desirability profile shown below in the fig. number 7 in which the desirability obtained is 0.849 which is much closer to 1 suggests that the responses weld bead width and reinforcement height is desirable. And the desirability shape indicates that the lower is better (minimize). 
VI. Validation of the developed relationship
The confirmatory experiment was conducted with the welding parameters as suggested by the response modeling. The suggested parameter is current 28Amps, welding speed 125mm/min. The three replicate experiments was conducted with the optimized parameter, the weld bead width is reported 5.8mm, reinforcement height 0.28mm. The errors in prediction are shown below in table 11. The process parameter having less error in prediction is considered as optimized parameter. The confirmation of the optimized parameters and obtained experimental outputs are tabulated below in Table 12 Conformance of optimized parameter Current -36Amps Welding speed -125mm/min  By experiment measured weld bead width -5.8mm  By predicted model weld bead width -5.85mm Error in prediction -0.86%  By experiment measured reinforcement height -0.28mm  By predicted model reinforcement height -0.31mm Error in prediction -10.71%
VII. Conclusion
An empirical relationship was developed to predict the weld bead width and reinforcement height of tungsten inert gas welded Ti-6Al-4V titanium alloy using response surface methodology. The developed relationship can be effectively used to predict the weld bead width, reinforcement height of tungsten inert gas welded joints at 95% confidence level. The multiple response optimization technique called desirability function was used in this investigation and found to be 0.849 much closer to 1, which indicates that the responses taken for the investigation are valid and the predicted model fits the experimental data well. The optimized values are current 38Amps and welding speed 125mm/min. The obtained weld bead width is 5.8mm and reinforcement height is 0.28mm. As the error between the prediction and experiment is in acceptable level therefore the model is a valid model. Current and welding speed both has the individual effects on the responses; weld bead width and reinforcement height.
